Introduction
A utism spectrum disorders (ASDs) present as a syndrome with impairment in reciprocal social-communication, restricted, repetitive behaviour and interests, as well as unusual responses to sensory stimuli. 1 Prevalence of ASD has increased dramatically over the last two decades and is now considered about 1% worldwide. 2 High recurrence risk in siblings underlines the genetic liability 3, 4 while there are also a host of non-heritable risk factors implicated in ASD, one of the latter presumably being the immigrant status of parents. 5 Studies conducted in North America indicate large racial/ethnic disparities in the diagnosis of ASDs. 6 Black, Hispanic, Asian and children from other ethnic groups were significantly less likely to be diagnosed with ASDs than were Caucasian children. 7 Other studies show, that immigrant children have similar prevalence rates of ASDs as native children, although they are diagnosed later compared with native children. 8, 9 In studying childhood autism and social class, Wing 10 found that the rate of autism in children of New Commonwealth fathers was higher than for children of fathers of European origin. This hypothesis, i.e. of higher prevalence of ASD among children of immigrant parents, was the subject of further studies, notably in Sweden. [11] [12] [13] [14] These studies found some support for higher prevalence of ASD when parents were immigrants, especially when the mothers originated from geographically remote areas.
In his review of 37 epidemiological surveys of autism, Fombonne 15 looked specifically at the issue of autism, race, and immigrant status. Some of these surveys provided data on race and parental immigrant status. After inspection of the data he concluded: 'The hypothesis of an association between immigrant status or race and autism, therefore, remains largely unsupported by the empirical results. Most of the claims about these possible correlates of autism derived from post hoc observations of very small samples and were not subjected to rigorous statistical testing. Large studies have generally failed to detect such associations.' [11, p. 291] . More recently in studying global prevalence of autism, Elsabbagh et al. 2 found variable estimates in particular countries (i.e. the prevalence rate of ASD in Oman reached 1.4/10 000 and in comparison 110/1000 in USA), but came to the same conclusion as Fombonne, 15 that there are still serious methodological caveats surrounding this issue, and no evidence supporting a difference in rates of ASD among immigrants and non-immigrants.
Nevertheless, European studies reporting increased prevalence of ASD or increased risk of ASD in immigrants continue to be published. [16] [17] [18] [19] In the context of a European interdisciplinary scientific network (COST action BM1004; http://www.cost-essea. com), with the aim of Enhancing the Scientific Study of Early Autism, investigating the hypothetical association between immigrant status and ASD corresponded perfectly with this aim. Although several studies on this issue have been published, to our knowledge no systematic review of the European literature is available. 16, 17, 20, 21 Thus, the objective of this study was a systematic literature review on prevalence and/or risk for ASD among immigrants in Europe, by conducting a comprehensive search for original articles on this subject.
Methods
Following databases were searched by means of the EBSCO search engine: ERIC, MasterFILE Premier, MEDLINE, PsycARTICLES, PsycINFO, ScienceDirect, SocINDEX, Scopus, EMBASE and the Cochrane Library using following search terms: 'Autism' or 'ASD' and 'immigration' or 'immigrant' or 'ethnic minority' or 'emigration' or 'ethnicity' or 'ethnic' in the title, abstract and key-words sections. Studies qualifying for inclusion were required to meet the following criteria: to report on prevalence of ASD and/or risk of ASD among immigrants in Europe, be published in peer reviewed journals, and to be published in English until May 2016. Studies conducted outside Europe, published in non-peer reviewed journals or without data on prevalence or risk for ASD were excluded.
In total 725 articles were analysed matching the above search criteria. After exclusion of studies conducted outside Europe, review articles or articles without empirical data, and studies where prevalence or risk of ASD regarding immigrant status was not calculated, 17 empirical reports remained (see figure 1) . Two authors rated the articles independently in respect of data concerning prevalence or risk rate of ASD and immigrant/native differences. Cohen's kappa coefficient was calculated to measure the inter-rater agreement ( = 0.71). A third author rated independently those articles which were evaluated differently by the two authors. On the basis of those three ranks a decision was made whether to include the article in the review.
The included articles were evaluated according to: study design, sample size, range of the study, immigrant groups, diagnostic criteria, use of standardized instruments and prevalence or risk rate for ASD (table 1) . A methodology checklist for cohort studies and a methodology checklist for case-control studies, produced by the National Institute for Health and Clinical Excellence, 22 was used to grade for quality and risk of bias (table 1) . The standardized checklists allow to rate studies in respect of: selection of subjects, assessment, confounding factors, statistical analyses and follow-up.
In some reports authors used the terms 'immigration', 'immigrants' or 'migrant groups' 19, 23, 24 and in other publications authors used the term 'ethnic minority'. 18 According to the Cambridge Online Dictionary 25 an immigrant is 'a person who has come to a different country in order to live there permanently' and ethnic minority is 'a group of people with a particular race or nationality living in a country or area where most people are from a different race or nationality'. Despite the linguistic difference between those two terms, they are used interchangeably in studies on ASD. In the analysed articles both 'immigrant group' and 'ethnic minority' are defined as group of children with at least one parent who was born abroad.
Results

Immigrant groups or ethnic minority
The reviewed studies showed differences in nationality of immigrant groups. Some studies analysed only groups of immigrants from 27 There were also reports where immigrant groups from different European countries were extracted, e.g. Eastern Europe, Western Europe. 24, 28 Nevertheless only seven studies isolated immigrant groups from European countries and in two studies the groups were larger than 30 participants (tables 1 and 2).
Diagnostic criteria and instruments
Due to a large time span in which the studies were conducted, differences between diagnostic criteria were inevitable. Clinical assessment of participants was conducted in accordance with different versions of Diagnostic and Statistical Manual of Mental Disorders (DSM-III, 29 DSM-IV
30
) and International Classification of Diseases (ICD-8, 31 ICD-9, 32 ICD-10 33 ). Comparing the DSM-III, DSM-IV, ICD-8, ICD-9 and ICD-10 criteria for autism, there are some marked differences according to the age of onset, definition of impairments in social-communication, emotional functioning, stereotypical patterns of behaviour and interests or between subgroups of this disorder. For instance, the DSM-III included such criteria for Infantile Autism as: (i) onset before 30 months of age, (ii) pervasive lack of responsiveness to other people, (iii) gross deficits in language development or (iv) bizarre responses to various aspects of the environment, e.g. resistance to change, peculiar interest in or attachments to animate or inanimate objects. In DSM-IV three symptom domains for Autistic Disorder were presented: (i) qualitative impairment in social interaction, (ii) qualitative impairments in communication and (iii) restricted, repetitive and stereotyped patterns of behaviour, interests and activities.
The analysed articles differed also regarding diagnostic instruments used to identify participants with ASDs from the general population. Only in one study 19 the authors described the use of screening instruments filled out by parents, i.e. Social Communication Questionnaire (SCQ); standardized behaviour observation scales such as Autism Diagnostic Observation Schedule (ADOS) and standardized semi-structured interviews, e.g. Autism Diagnostic Interview-Revised (ADI-R) or Diagnostic Interview for Social and Communication Disorders (DISCO). Other studies 27, 28 included only information about behaviour observation scales (ADOS) and semi-structured interviews (ADI-R or DISCO). However, in the majority of analysed studies diagnostic instruments used to identify participants with ASDs were not specified or no standardized instruments were used. 13, 16, 18, 21, 23, 24, 26, 34 .
Study design and sample size
The reviewed studies differed widely in respect of methodological approach, both regarding research design and sample size. Some studies used retrospective case-control designs and included relatively small clinical groups from a restricted area. Other studies were conducted in a retrospective population-based case-control or cohort design. In comparison to the studies of clinical groups, they usually involve larger sample sizes, data is collected for a longer period of time and groups are sampled from the general population. Only one study used a screening design followed by diagnostic evaluation by a child psychiatrist after the screening. In summary, the literature search revealed 2 studies of clinical groups, 13 retrospective population-based studies, one screening study and one study with a different design.
Prevalence of ASD in immigrants
The reviewed studies revealed differences among prevalence rates of ASDs in immigrants (table 1) . In some reports, the prevalence of ASDs in immigrants and natives was calculated. 11, 26 Various studies reported the incidence rates of ASDs in immigrant groups and natives. 16, 23 Certain studies included odds ratio or relative risk, comparing ASD diagnosis in immigrant groups and natives. 24, 35 Most studies revealed increased prevalence rates 11, 13, 36 or increased risk 27, 35 of autism in children of immigrant parents compared with children born in native families. It is noteworthy, that those reports did not include analyses of prevalence or risk of other pervasive developmental disorders than autism. However, certain reports showed increased prevalence of autism and Asperger syndrome or PDD-NOS in children of immigrant parents. 16, 26 Few reports also indicate that children of immigrant parents show both a higher prevalence of autism and other developmental disorders such as cerebral palsy compared with children of parents with native origin. 21 Several studies showed that there is no simple, linear relationship between prevalence or risk of ASD and immigrant status. 24, 28 Some reports indicated that maternal birth outside native countries is positively associated with autism and negatively associated with Asperger syndrome. 28 Few reports showed that children of immigrant parents are at increased relative risk of autism and comorbid intellectual disability, but at a lower relative risk of autism in children who are high functioning compared with children of parents of native origin. 24 Furthermore a study published by van der Ven et al. 23 showed that children born to immigrant parents in the Netherlands were at lower risk of ASD than children of native parents. However, the risk for immigrant children was reduced for Asperger syndrome and PDD-NOS compared with natives, whereas an increase for narrowly defined autism was not significant. Another study showed under-representation of minority groups in institutions for children with ASD. 18 Due to large differences in the methodology of the studies meeting the inclusion criteria, a meta-analysis or other statistical analysis were not performed.
Discussion
Seventeen studies meeting inclusion criteria for the present review reported on the prevalence and/or risk of ASD among immigrants in Europe. Several factors have been proposed to explain the higher prevalence of ASD in children of immigrant parents compared with children born in native families. Factors concerning biological/ genetic basis, cultural differences, misdiagnosis/diagnostic substitution and restricted access to services have been suggested.
Biological and genetic factors
Some authors, who observed increased ASD risk in immigrants, suggest that biological and genetic factors may be responsible for these differences. 37 Many researchers have noted the importance of genetic factors in ASD aetiology. Twin studies conducted over a period of several decades have shown an overall high monozygotic (>88%) and dizygotic (>30%) concordance for ASD. 38 For this reason, biological and genetic variables are often considered first in explanation of increased prevalence for ASD and other developmental disorders. Genetic studies indicate the presence of similar genes in different ethnic groups and similar mechanisms operating in the aetiology of autism. 39 A general perception today is that autism occurs with similar frequency across demographic groups. 2, 40 On the other hand there are reports that show different correlations between the presence of particular genes and developmental disorders in various ethnic groups. D'Amelio et al. 41 for instance showed that paraoxonase gene variants are associated with autism differently in the North American and Italian population. The authors consider possible regional specificity in gene-environment interactions. However, at present, there is little research on differences between ethnic groups concerning genetic factors correlated with autism and there is insufficient evidence showing that differences in risk level for ASD in natives and immigrants are connected with genetic differences between those groups.
It has been suggested that vitamin D deficiency during pregnancy is a risk factor for the development of autism. 37, 42, 43 Because vitamin D deficiency is more common in darker-skinned people, several researchers propose that this might be an explanation for the higher prevalence rates of autism in children of immigrant parents. 44 Other studies, however, do not support this hypothesis. Van der Ven et al. 23 demonstrate for instance that autistic disorder is not more common in Moroccan migrant groups in the Netherlands, people who are known to have low levels of vitamin D. In addition, Lehti et al. 17 found that having a parent from a region with predominantly dark-skinned people was not associated with an increased risk of autism. Some researchers question whether ethnicity and differences in biological and genetic characteristics among ethnic groups itself is a risk factor and instead suggest that the migration process is the main risk factor. 27 An experience related to the migration process itself can be maternal stress. Some studies propose that maternal stress during pregnancy is a risk factor for having children with neurodevelopmental disorders, such as autism. 45 Magnusson et al. 24 found that the risk of autism appeared to be highest when the migration occurred in the year before birth. This suggests that an environmental factor such as a stressful maternal migration process can affect the neural development of the foetus in utero and may be an explanation for the higher prevalence of autism in children of immigrant parents. After all, there is still lack of evidence showing a relation between higher level of stress in immigrants and the elevated risk of ASD. In all of those reviewed studies the stress level was not controlled for. Other explanations for the higher prevalence of ASD in immigrants are higher frequency of consanguineous marriages in immigrant couples, parental exposures to dioxin and other chemicals, and immunological factors. 17, 26 However, more empirical data is needed to support such hypotheses.
Cultural factors
Although most studies in this review found higher prevalence of ASD in children of immigrant parents compared with the prevalence of autism in children of native parents, two studies also found lower prevalence. Moreover, certain studies showed higher prevalence of autism and lower prevalence of Asperger syndrome in children of immigrants compared with the prevalence in children of native parents. 24, 28 One explanation for the lower prevalence in general, and specifically the lower prevalence of ASD in high-functioning immigrant children, may be the fact that clinicians are inclined to attribute social and communicative problems without intellectual disability to cultural and language differences in these children. 18 This probably happens more often when social and communicative problems are less severe, which explains the finding that the prevalence is lower in high functioning immigrant children.
Second, it may be that because of their culture, parents may not view the behaviour of their child as problematic. Parents from different cultures have independent attitudes regarding signs of normal or abnormal behaviour. 46 Stevens et al. 47 found that Moroccan immigrant parents rated their children lower on attention problems and delinquent behaviour when compared with native Dutch parents. Furthermore, not only ideas on normal behaviour differ between cultures, but also ideas on how to solve problems may differ. Fassaert et al. 48 found that non-Western migrants perceive less need for mental health care than ethnic Dutch residents. This may be related to a different help-seeking culture. An important barrier to care in all ethnic groups is the preference to solve the problem on one's own 48 or they make use of alternative resources in their own community or in their country of origin. One study found that Muslim families understood the task of raising a child with autism in religious terms and from that perspective they want to raise their child as normal as possible without the help of professionals. 49 It may, however, not only be a preference to solve the problem on one's own. Lack of knowledge of how and where to find suitable help is also often mentioned as a barrier by immigrants. 48 
Underutilization of services
Underutilization of child psychiatric services by immigrants groups has been reported in several studies. 40, 50 It is for instance known that children of Moroccan, Turkish and Antillean origin are not seen by the child and youth mental health services as often as might be expected on the basis of the frequency of mental health problems in this group and the size of the group. 51 This underutilization of services cannot simply be explained by socioeconomic status, 51 but several other factors have been suggested. First of all, immigrant parents may be reluctant to seek help because of fear of stigma. 52, 53 This fear may be higher in immigrants because mental health problems are perceived differently than other health problems. While in some cultures a disorder such as autism is seen as an individual's problem caused by defects in the function of his or her body, in other cultures some people may see these disorders as a result of, for instance, punishment for sins, punishment for losing faith in religion, bad karma, neglect by the mother or possession by spirits. 50 It has also been suggested that regional variation in parental education may determine their help seeking for autism 54 and that it is predominantly severe cases that are identified in poor communities. 55 In the absence of severe clear developmental delays and impairments, immigrant parents that are already less inclined to seek help because of reasons described earlier, might not seek help. 18, 24 Thus, underutilization of services may also explain the finding of specifically lower rates of Asperger syndrome and highfunctioning autism. 56 
Misdiagnosis
Certain researchers have suggested that the similarity of the symptoms of autism with other disorders can lead to misdiagnosis. 57 Characteristics common to autism, difficulties in responding to others, delayed speech, and behavioural difficulties, can lead to misdiagnosis of language impairment or Attention Deficit/Hyperactivity Disorder. There is data showing that the probability of misdiagnosis differs by ethnicity. 58 Different cultural approaches in child education, cultural differences in defining problematic behaviours in children (described in previous section), cultural differences in the use of non-verbal communication and social norms may mislead the decisions of a clinician.
Another factor that may lead to misdiagnosis is a barrier in communication. 59 Immigrant families, especially if they are staying for a short time in the country, may have difficulties in use of the native language. Also, they may have restricted access to translators during the diagnostic process. This can have an impact on the observation of younger childreń s communicative and social behaviour during diagnostic procedures and also on data gathered during interviews with parents.
Limitations
First of all, despite the fact that many databases with large resources were used in this study, the search included only articles with reference to immigration or ethnicity in the title, abstract or keywords. It is possible, that not all European studies on prevalence and risk for ASDs and immigrants were included in this report, e.g. those which concerned immigrant groups, but the authors didn't mention this in the title, abstract and key words section. It is also possible that some studies on ASD risk and immigration were published in peer-reviewed journals, but they were not included in databases that were selected for the search. Further, certain studies, especially those which were published before 1979 reported prevalence rates of other disorders in immigrants, such as infantile psychosis, which was sometimes used interchangeably with infantile autism. 60 Those studies were excluded from our report.
Another limitation is that studies included in this review differed in diagnostic criteria and diagnostic instruments. Risk and prevalence estimates substantially vary depending on the groups that are studied. Different diagnostic criteria and instruments may lead to these inconsistent results. Also, the reviewed studies include different ethnic groups from different countries. Some studies incorporated immigrants only from distant countries, e.g. from Africa, other reports analysed results from immigrants with European, Asian and African origin. In view of the fact that cultural factors may have an impact on the diagnosis of ASDs and prevalence rates, it is difficult to evaluate how the selection of groups could influence the prevalence and risk rates. Moreover, some studies reported relative risk or odds ratios, other included prevalence rates or percentage of individuals with ASDs in immigrant and native groups and due to large differences in methodology of those studies it is considered that new prevalence studies, which take more account of the immigrant population, can result is new systematic reviews which include the metaanalysis.
Another important limitation of this review is the different research designs used in the studies. Few articles present data from screening studies, most from population based registers and cohort studies. Differences in methodology may be the source of differences of prevalence rates between studies. 15 Moreover, several reports presented analyses of datasets with a small number of participants in immigrant groups. 19, 21, 28 Therefore, these results should be interpreted with great caution.
Although the entire literature search was not performed independently by other co-author, which is another limitation of this review, co-authors have reviewed the searched articles according to the inclusion criteria on several steps of the process.
Conclusion
To conclude, the data collected in the studies selected for the current review suggest that ASD prevalence in immigrants may be higher than in non-immigrant populations. However, it is not possible to state how strong the influence of immigration is on the prevalence rates of ASDs. More research is needed before any firm conclusions can be drawn about the differences in prevalence and whether their cause can be related to immigrant status. First, the potential impact of multiple (confounding) factors (e.g. genetic, biological, environmental, cultural) should be taken into account as well as their interaction (table 3) . Second, in order to specify possible differences in prevalence and to identify potential factors affecting these differences, studies should include different clinical groups within the autism spectrum, comparison groups with other neurodevelopmental disorders, and different groups of immigrants (e.g. European/Non-European, different ethnicities). Third, in future studies it is also crucial to consider whether and how the differences in design may influence the results. Fourth, it also important to ensure that the individuals included meet criteria for ASD as tested with standardized diagnostic instruments. Fifth, future studies need large samples and should be population-based. Sixth, for a better understanding of the reality of immigrants with ASD new studies should take into account information on prevalence in countries of origin.
Since prenatal and perinatal factors may be important in Autism spectrum disorder (ASD) aetiology, it is essential to provide good prenatal and perinatal public healthcare for immigrant families. The same applies to diagnostic and early intervention services. Public health professionals should take into account parents' cultural beliefs about child development and their own assumptions in assessment and interventions. They should share and facilitate the expression of developmental concerns in a context of developmental surveillance, which may help families to overcome beliefs or cultural impediments preventing adequate assessment of developmental difficulties that could eventually result in an ASD. Clinicians should also consider other barriers in the assessment of axis symptoms of ASD in immigrant children, especially difficulties in social and communication functioning. In addition, restrictions to access and use of public mental health services among immigrant families should be investigated and reduced. Parents and professionals from independent cultures have different attitudes regarding signs of normal or abnormal behaviour. Moreover clinicians are inclined to attribute social and communicative problems without intellectual disability to cultural and language differences.
Cultural factors influencing ASD diagnosis in various ethnic groups should be studied more carefully.
Underutilization of child psychiatric services by immigrants groups has been reported in several studies.
Further research should focus on ways to increase service use by immigrant families with children at risk of ASD or diagnosed with ASD. Certain researchers have suggested that the similarity of the symptoms of autism with other disorders can lead to misdiagnosis. Research shows, that the probability of misdiagnosis differs by ethnicity.
The relation between ethnicity and misdiagnosis needs more attention.
